6

10.6 billion dollars and net profits of almost 1.3 billion. Acquiring a neat
little software company with annual profits of 10 million dollars does not do
much for an RHC's earnings, especially if you are looking at declining profits
in the regulated areas that produce 90X of RHC revenues.

All of the foregoing leads me back to my opening. Telephone companies
traditionally made money because of their "deal" with the State. The lion’s
share of any telco’s assets and expertise is invested in the regulated telephone
sector. Making and keeping more money means leveraging those assets and
expertise. And that means cutting a new deal with the State. If there is a
single major solution to telcos’ financial woes, it lies here.

I know that many companies have tried and are trying to craft new deals
under a variety of labels. But I also would contend that few telcos have given
the new deal-making activity a priority commensurate with its financial
importance to the companies in the industry. Few have given the regulated core
telephone business the same imagination and top management attention that they
have been willing to invest in unrelated industries or overseas experiments.
Too many telephone company executives still do not recognize the importance and
urgency of coming to new terms with state regulators and other state and federal
politicians that write the rules of the game.

Telecommunications is a business enjoying vast growth rates, and most
telecommunications is local. You are local telecommunications companies. I
think that if I were in your shoes, I would be spending about 90% of my
management time and attention working with my regulators to come up with some
new rules that allow my company to make money, and allow the regulators to look
like winners, too. If you and your colleagues cannot envision such new
arrangements, then I would suggest that top management devote most of its time
to figuring out how one drastically down-sizes a telephone company. I suspect
that is the remaining option.
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U.S. Countson Computer Edge
In the Race for Advanced TV

Transmission of continuous signal

Transmission of digital signal

Digital Transmission for High-Definition TV

Exparts say the future of television lies in digital processing, which can
increase accuracy and scope of alectronic systems. Digital processing
deais in a simple code, like that represented by biack and white bars,
above. In contrast, an analog signal, top, varies continuously and is much
more susceptible to being overwheimed by interference.

Source: A.T.& T. BeH Laborstories

Efforts focus on
digital signals for
broadcast channels.

By WILLIAM J. BROAD

SPITE a siow start by the
United States in the race to
build television sets with
razor-sharp pictures, a
growing group of scientists and engi-
neers say there is hope for a come-
back. Indeed, some believe conditions
are ripe for America (o vault over the
international competition in a field
seen as vital t0 economic SUCCess in
the 1990’s and beyond.

“We've got a tremendous opportu-
nity to leapfrog limited technoiogy
and really develop a television of the
future,” said Dr. W. Russell Neuman,
director of communications research
at the media laboratory of the Massa-
chuseus Institute of Technology.

"“It would be a big mistake to write
off the field,” agreed Dr. Dimitnis
Anastassiou, a professor of electrical
engineering at Columbia University
who recently helped organize a tech-
nical symposium on high-definition
tejevision.

Experts say the main reason for
hope is that the Japanese and Euro-
peans, by virtue of an early lead, have
locked themselves into a type of tech-
nology that may become antiquated.
That technology is based on analog
signals, which mimic the scenes and
sounds observed by a camera and
render these, in all their variations,
as continuous electronic waves. The
future of teievision, these experts say,
increasingly lies in the direction of
digital processing, the same tech-
nique computers use and is an area of
great American strength. Digital sig-
nals turn the complexity of the real
world into a code based on the num-
bers 0 and 1, or, in electrical terms,
plus and minus. The code can be
manipulated to process or (ransmit
volumes of information with great
accurscy.

“We have a hope because this coun-
try is 30 good in computers,” said Dr.
Arun N. Netravaii, director of the
computing systems research labora-
tory at the American Telephone and
Telegraph Company's Bell Laborato-
ries,

Pessimists say the race is already
nearly lost, and that even if the Unit-
ed States came up with an innovative

Continued on Page C13




A television image is produced when a beam ot
electrons repeatedly scans the screen, illuminating tiny
pixeis. Because high-definition television has more
scanning lines, it needs more data than can be
transmitted over normai broadcast channeis. A new
technique, conditionai replenishment, gets around this
probiem by concentrating on the parts of the picture
that are changing. The image is transmitted to a
memory unit in the television set, which then transmits
it to the screen. in the television picture above, only the
moving parts of the woman's head, shown as light
areas at right, are transmitted. in the four sets ot pixeis
at left, only one pixel changes in sach step from 1 10 4.




Continued From Page C!

design for a high-detinjtion television,
few companies would be able to make
HDTV's now. They note that Zenith is
the last large American company still
in the television business.

The race for high-definition televi-
sion is considered important by some
experts because the technology may
represent more than a path (o spar-
kiing images and sound as good as
that on compact disks. Some experts
see 1t creating a wide variety of new
products, inciuding video systems for
education, industry, medical imaging
and the military. Moreover, the tech-
nology is so demanding electronical-
ly, requiring scores of advanced new
computer chips, that it is seen as a
new driving force for the semiconduc-
tor industry, potentially providing
even greater demand than computers:
do.

‘“The companies and countries that
control the deveiopment of HDTV will
have a huge lead in the coming com-
petition (or leadership in the electron-
ics world,” Representative Edward
J. Markey, a Massachusetts Demo-
crat who is chairman of the House
subcommitiee on telecommunica-
tions, recently said in openiing a hear-
ing on high-definition television. Oth-
er experts disagree, saying the
importance of the field has been ex-
aggerated. o

A 20-Year Japanese Quest

Japan has long led the fledgling
field, having embarked on HDTV re-
search 20 years ago and investing an
estimated $1 billion. European gov-
ernments and companies over the
past tive years have spent about $200
million. Spending in the United States
is estimated to be less than $100 mil-
lion,

But both Europe and Japan have
based their efforts on the deveiop-
ment of analog systems that use
wave-like transmission signals.
These signals can easily be disrupted
by static. Moreover, they are broad-
cast by sateilites (Japan has one in
orbit and Europe will soon) and are
therefore not available to reguiar
television viewers. Satellite transmis-
sions aimed at a small 1
area or nation are relatively easy to
accomplish. But experts say they
cannot rival the economic advan-

advertising. ) ot

In contrast, the United States is
focusing on the creation of what ex-
perts believe is a more egalitarian
and economically promising system
that couid be broadcast over reguiar
television channeis, Moreover, there
is growing enthusiasm about doing it
with digital signals, which could dra-
matically cut distortion.

Several of the 20 or s0 American

partly based on digital transmission,
and American scientists at schools
like Columbia and MLLT. are racing !
® see how far digital technology can
§0 in the search for the perfect televi-
sion picture. ‘
‘“As far as transmitting over the
air, we're already way ahead of Eu-
rope and Japan, said Willlam F.
Schreiber, director of M.LT.'s ad-
vanced television research program.
. “They simply haven't addressed the
- problem seriously.”” But some other

W

Pessimists point out
that only one large
U.S. company still
makes TV'’s,

experts note that Europe and Japan |

have begun work on tackling the chal-

lenge of terrestrial broadcasting, in-

stead of by satellite.
gicrossiineMore Detail in More Lines

The basic goal of high-definition
television is to increase the number
of lines in a teievision picture, thus
sharpening it. Today’s television pic-
tures in America and Japan are com-
posed of 525 scanning lines, while
those in Europe have 625. More scan-
ning lines provide more details in the
image on the screen. HDTV proposals
call for various numbers of lines: 787,
1,050, 1,125, or 1,250.

The challenge is not just making
high-quality picture tubes. It also is
devising a way to process and trans-
mit all the extra information that is
needed t0 animate the added scan-
ning lines.

Last year, the Federal Communi-
cations Commission ruied that new
American HDTV systems would not
be allowed to make the nation’s exist-
ing 160 miilion TV sets obsolete. That
means broadcasters must give view-
ers the standard signal and, if they
choose, the new HDTV signal for
those who have special TV sets to
receive it. In addition, the F.C.C.
ruled that HDTV broadcasters must
operate in the same wavelength
range as older sets because the elec-
tromagnetic spectrum was consid-
ered t00 crowded (0 appropriate a
new area.

In technical terms, the challenge is
to squeeze the 30 megahertz of signal
band width needed for high-definition
television into the band of § mega-
hertz for each channel that normal

uses. Some experts
have the process to squeezing
an elephant into a bathtub.

The solution is signal compression.
1t relies on digital processing,
which breaks the analog signals {rom




Fitting an Elephant Into a Bathtub

Atthe recaiver, the signal is
digitaity processaed to
raproduce the high-definition
picture.

a cameras into digital pulses that are
sliced, diced and rearranged with in-
credible precision.

In a technique known as conditional
replenishment, a.series of images is
digitally analyzed and oniy new fea-
tures are transmitted, such as those
that show an object moving. The stat-
ic background is sent only once. An-
other technique reduces the data flow
even further by taking into account
the fact that the human eye perceives
fewer details on a moving object than
a stati one.

“If you have a lot of motion, you
don’t send as much information,”
said dyna C. Luplow, executive di-

e

The nation's television stations
aach broadcast in 3 band that
occupies 8 megahertz in the
slectromagnetic spectrum. Buta
high-definition tetevision signai
needs a band 30 megahertz
wide. This is done mainiy by
selectively eliminating some of
the signal at the television
studio.

Th'Nl'YortTlMllEdLMlNov.a L]

Japan has spent $1
billion on research,
the U.S. only one-
tenth as much.

For instance, a black dot of inter-
ference couid be replaced with a cor-
rect red dot of color, based on a
survey indicating most nearby dots
were red. Similar techniques of digi-
tal transmission are how deep-space
probes send back stunning photos like
thoss Voyager 2 recently radioed
from Neptune.

“Digital eommmlcauon by defini-
tion has higher fidelity,” said Dr.
Neuman of the Massachusetts Insti-
tute of Technology.

In addition, by going directly from
digital processing to digital transmis-
sion, rather than swit back to
anailog, ‘'You skip a step of process-
ing, which improves performanee
and makes {t more cost effective,”
said John 1. Taylor, a Zenith spokes-

man.

The problem is that digital trans-
mission is still only experimental Re-
mrdnnhnvetrhdm;:he-dr?u-
i radio broadcasts, are just
sumnuoucnemednnenpot




Europe and Japan
gear up to eliminate
U.S. advantage.

posed signal is a hybrid, part analog
and part digital. The digital portion
includes low-frequency video, the
puises that keep receivers synchro-
nized with transmitters, and the au-
dio signal for high-quality stereo
sound. The anaiog signal contains
high-{frequency video information,
which heips make up the picture.

An important advantage of this ap-
proach, Zenith says, is a vast reduc-
tion in the amount of power needed
for the broadcasting transmitter,
since the low-frequency part of the
analog signal that has been eiiminat-
ed is also the power-hungry part. Ze-
nith’s HDTYV signal, it says, uses less
than 0.2 percent of the power needed
for regular transmissions.

This power reduction, in turn, al-
lows Zenith's HDTV signal to use the
channels that usuaily are empty in
crowded city television mrm Be-

- cause analog signals are¢

E

meycanbebmdcauonrybym’

ping channels between them so they
do not interfere with each other. For
instance, a city with several stations
might have channeis 3, 5 7 and 9 in
use. But the low-power Zenith signal
can be broadcast in the taboo chan-
neis in between without causing inter-
ference.

Scientists say proposals like Ze-
nith's are but the first step on the
digital highway, and that the trans.
mussion journey might be complete in
the next § to 10 years.

“Over the air, if you can receive it,
digital will have the advantage of
being perfect,” said Dr. Anastassiou
of Columbia University. He noted that
there are a host of challenges.

It will be at least two years before
the Federal Communications Com-
mission decides on standards for
over-the-air HDTV broadcasts. Some
options under study wouid make it
easier to extend the digital range;
others would make it harder.

Some scientists say a better digital
route is through a national network of
giass fibers that connect homes. Such
{ibers can carry enormous amounts
otdﬂullnformmmindn(ormol

“We want to make this the super-
highway of the future,”” Jules A. Beili-
sio, a fiber enthusiast at Bell Commu-
nications Research in Redbank, N.J.,
toid the recent HDTV symposium at
Columbia.

Finally, scientists say, the advent
of digital television will aid the merg-
ing of computers and television, with
the prospect of a rush of combined
uses. Smart TV's, for instance, could
automatically scan the digital air-
waves for shows of interest, record-
ing them when certain key words
were present,

Several scientists and engineers
warned that American HDTV would
materialize only if there was steady
Federal financial support for the
fleid. Most direct in his comments
was Dr. Neuman of M.I.T.,, who said,
“The lack of leadership in the Bush
Administration may blow it.”

On the other hand, some experts
say, HDTV development could prove
$0 successful in the United States that
it would be exported to the countries
now considered the ieaders.

“There's a lot of interest in Japan
and Europe for terrestrial broadcast
systems,” said Mr. Luplow of Zenith.
‘“We think that when there is a terres-
trial standard in the United States, it
may be adopted in those countries as
well”
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TCI SAYS IT IS READY TO BEGIN
FIRST STEP OF TWO PART STRATEGY

TO PROMOTE AMERICAN HDTV

iﬁ testimony_to the Subcommittee on Science, Technology and
Space pfvthe U.S. Senate Commerce Committee, John J. Sie, Senior
Viée‘Preéident of Tele~Communications, Inc., urged adoption of a
two-part plan to promote American HDTV for the benefit of American
viewers and to give the U.S. a chance to regain its global
competitiveness in home electronics technology:

(1) Deploy as soon as possible (within two years) an existing
American analog-based HDTV system that uses and is fully
compatible with the current 6 MHz NTSC standard;

(2) "Leap-frog" foreign HDTV competition and develop by the
year 2000 an American 6 MHz processed digital HDTV

system.

Separately, Mr. Sie announced that within a year TCI and other
cable operators will invite national cable and broadcast
programmers and local broadcasters to 3join in a full scale
operational test of regularly scheduled programs on the analog-

based HDTV, 6 MHz NTSC-compatible, Faroudja Super NTSC system.
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This test will show viewers through public demonstrations
across the country the benefits of HDTV, while giving U.s.
television set manufacturers the incentive to produce Super NTSC
receivers for sale or rental (as early as 1991). TCI also hopes
the test will assist the FCC to decide upon an HDTV terrestrial
broadcast tranmission standard.

Sie explained in his testimony to the Subcommittee that with
Super NTSC, "Americans will be able to receive improved pictures
even on their existing television sets -- and there are 160 million
of them -- because it reduces NTSC artifacts (wiggles) and color
distortions."

"U.S. technology can provide America with an HDTV system with
a picture quality second to none and which can be implemented more
quickly and economically than any foreign system" Mr. Sie
emphasized.

Mr. Sie noted that TCI was very encouraged by the progress of
Faroudja's NTSC system in the last few months, including successful
denmonstrations to American and Japanese broadcasters and a

successful test on a TCI cable system in Sunnyvale, California.

"But ‘tHe real game is for the long-term," Sie added. "The
NTSC standard lasted 40 years and has served us well. Any HDTV
standard should be similarly robust. We believe the next
generation of HDTV should be a processed digital system which will
enable transmission of a digital signal within 6 MHz so that

broadcasters can continue to fulfill their historic role in
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promoting localism. Moreover, this leap-frog strategy utilizes
U.S. strengths in computer, microprocessor chips and software
technoleogy."

Accordingly, Mr. Sie urged the United States to set a
national goal of developing and deploying a processed digital
system which "could provide HDTV over broadcast stations and cable
by the year 2000."

Mr. Sie further noted that those who argue that simple digital
is good enough are not being practical because it requires so much
television spectrum to transmit the signal it would mean the end
of local broadcasters. The only way American viewers could receive
television signals would be through direct broadcast satellites and
fiber optic cable."

The problem, Mr. Sie said, is that "the current best estimate
to lay fiber universally to American households is twenty to thirty
years =-- if ever. We cannot wait that 1long because foreign
competition will have long since established dominance in our
marketplace."

Mr. Sie reminded the Committee that "the cable television
industry serves more than 55% of American households. This gives

us and our viewers a vital stake in any HDTV deployment."
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Introduction

My name is John J. Sie and since 1984 I have been Senior Vice
President of Tele-Communications, Inc. (TCI), a cable company
headquartered in Denver, Colorado, which operates cable systems
throughout the country.1 TCI also has invested 1in cable
programmers in furtherance of its commitment to provide American
cable viewers with a wide range of quality entertainment and
information programs in addition to retransmitted over-the-air
programming. At TCI, I am responsible for strategic planning,
public policy and program investment.

Approximately 55% of American television households (49.5
million) receive their television signals through a cable system.
Accordingly, the cable industry is vitally interested in proposals
regarding HDTV and we appreciate the opportunity to testify this
morning. (I will use HDTV in the same general way the the FCC uses

ATV.)

1Frankly, I have been a "closet technocrat" for the last 15
years. My education and early career development were technical.
I received my Bachelors degree in Electronics in 1957 from
Manhattan College and my Masters degree in electrophysics from the
Polytechnic Institute of Brooklyn in 1958. My technical career
started in 1958 at RCA's Defense Electronics Division as a senior
member of Technical Staff, working on microwave solid state devices
for troposcatter and satellite communications. In 1960, I co-
founded and was later President of MicroState Electronics
Corporation, a subsidiary of Raytheon Company. Microstate did R&D
and manufacturing work for the space and defense industries in
areas of advance solid state devices for missiles, radars, and
telecommunications. In 1972, I joined the Jerrold Subsidiary of
General Instrument Corporation where I developed two-way
interactive cable TV, multi-channel and addressable pay-per-show
TV scrambling systems. In 1977, I joined Showtime Entertainment,
a subsidiary of Viacom International, Inc., as Senior Vice
President of Marketing and Affiliates. Showtime is in the business
of providing movie based pay-TV services primarily to the cable
industry.



The Importance Of HDTV

As Chairman Gore and the other members of this Subcommittee
have recognized, HDTV means more to America than television
pictures with video quality comparable to 35 mm film and with
compact disc quality sound. Over the longer term, there 2l1so are
expected to be many non-entertainment uses for the high resolution
video technology, including: interactive education; computer work
stations; satellite photography; defense command and control
displays: advanced weapons targeting; and medical diagnostics.
Most importantly, if the U.S. Government takes the right actions,
then American HDTV in the 21st century will use the most advanced
integrated circuits and computer processes in a home environment.
Whoever takes the lead in HDTV technology will have the advantage
with respect to key components (semiconductors, etc.) and in
related areas of computers, software and test equipment.

In short, we applaud the Commerce Committee for its
recognition that the HDTV competition represents a bigger challenge
to our technological leadership in the world than did the color
television or the VCR. Decisions made now will affect our place

in the world well into the next century.

What The U.8. Government Should Do

The noted management consultant, Peter Drucker, has been
quoted as saying that a competitor should never try to catch up -
- instead he should "leap frog" the current leader. We could not

agree more.



Specifically, we call upon the U.S. Government to:

(1) set a national goal of introducing by the year 2000, an
American "processed digital"™ HDTV system which permits the
transmission of a digital-HDTV signal within 6 MHz;

(2) support efforts already underway in the private sector
to develop and implement a processed digital transmission system;

(3) promote the introduction within two years of an interim
analog-based HDTV system which uses the current 6 MHz NTSC
standard, so that the more than $100 billion invested in broadcast
and cable transmission equipment, television sets and VCRs will not
be rendered obsolete;

(4) reserve frequencies allocated for television broad-
casting, but not currently utilized, for processed digital HDTV
during the transition period when broadcasters will simulcast
compatible analog HDTV and non-compatible digital HDTV signals.

These combined actions will:

. thwart attempts by foreign countries to introduce non-

compatible HDTV systems in the U.S.;

. ensure that American viewers have access to improved

television pictures quickly:

+ . minimize the cost and disruption associated with

introducing HDTV:; and

. maintain the ability of American broadcasters and cable

operators to provide local and national news, information

and entertainment programming.



Why the U.8. Should Focus On Digital-Based HDTV
Analog-based HDTV systems will not be competitive in quality

or cost with the next generation of djgjtal-based HDTV systenms.
For the purposes of television signal transmission, "digital"
simply means converting an analog HDTV waveform to a series of
binary bits of 1's and 0's.

Digital-based HDTV will offer the same revolutionary
advancement we have achieved, by way of analogy, with compact discs

and digital audio tapes versus standard LP's. A digital signal:

. suffers from no transmission degradation;

. enables true studio quality image and sound in American
homes;

. permits direct integration and signal manipulation

between the home television and home computer; and

. promises volume-efficient cost reductions in

manufacturing digital HDTV sets.

Furthermore, developing an American digital-based HDTV system
lets us "leap-frog" the Japanese MUSE and European EUREKA HDTV
systems which are analog-based transmission systems. U.S. entities
have the lead in developing digital-based technology. This work
both relies on'and contributes to the U.S. leadership position in
VLSI circuits, micro processors, software systems and adaptive

compression techniques.



Why the U.8. Should Focus On a "Processed Digital" gSystem

1. wWhat is "Processed Digjtal"?

A "processed digital" HDTV transmission system can be defined
as any digital-based HDTV television transmission system which
reduces the frequency spectrum required to transmit a signal by
taking into account three major factors:

a) standard digital compression transmission techniques: and

b) the specific nature of the video waveform; and

c) the neural responsiveness of the human eye.

2. " n t andard

Spectrum, and Would Terminate Local Broadcasting

Before discussing the design of processed digital, let's first
look at transmission systems which only use standard digital
compression techniques.

Digital telecommunication systems today routinely exhibit
bandwidth compression efficiencies of 4.5 Bps/Hz: for every 4.5
bits of data, we need only one cycle of radio frequency (RF)
spectrum to transmit them. For example, a 4.5 Mbps data stream

can be transmitted using only one MHz of RF bandwidth. Most



digital 1long-haul microwave transmission systems achieve this
compression efficiency using a 64-level quadrature amplitude
modulator (QAM). As higher levels (256 - 1024) become available
on the market, further bandwidth compression of up to 7.5 Bps/Hz
is possible with appropriate error corrections..

Now 1let's design an HDTV system with the following
characteristics: (1) a resolution of 1050 x 1050, i.e., the whole
screen is capable of resolving into small cells called "pixels,"
1050 vertical by 1050 horizontal so that the total number of pixels
per screen is 1,102,500; (2) the screen is scanned at a rate of 30
times per second (in order to show continuous motion) with a 2:1
interlace scan; and (3) there are 5 binary bits of information
each required to define the intensity (luminance) and color
(chrominance) content for each pixel. The total amount of digital
information needed to be transmitted every second in this system
is 1,653,750,000 bits! Even using a transmission compression of
7.5 Bps/Hz, the required RF spectrum is 220.5 MHz for just one
channel of HDTV programming!

Such a "brute force" approach using so much spectrum for
digital HDTV is not suitable for over-the-air transmission: there
simply is .not enough spectrum available without creating new
demands on other spectrum users (e.g., land mobile radio, public

safety radio, etc.)



This is a serious drawback: it effectively would mean the end
of the local broadcastings in the HDTV arena. Local broadcasting
has been a hallmark of American television policy since its
inception.

The only way to transmit such signals would be through fiber-
optic cables. But it would be extremely expensive to install such
cables throughout the country and telephone companies would not be
able to lay fiber universally to every American home until well
into the 21st centufy. In addition, there are serious technical
questions about evén the feasibility of transmitting more than a
few HDTV channels requiring such great bandwidth even with fiber-
optic cable: within the foreseeable future, the state of the art
in video switching using sub-micron integrated circuit technology
is below 1 Gbps, or at best each video switch at the remote
terminal can only handle 4 HDTV channels. Moreover, at a 1 Gbps
switching rate, the cost of such switches are not going to be

competitive at all.

3. " " t uces The

AN
The brute force digital approach described above, utilizing
220 MHz bandwidth, is capable of faithfully reconstituting all
ranges of intensity and color for every pixel for every frame. But
it is not necessary to do so given the nature of video images and

the limitations on the ability of the human eye to perceive such

information.



Even with the most detailed scene and fastest motion, much of
the content information from pixel to pixel and from frame to frame
does not change. (A crude example of my point can be seen by
advancing a videotape on a VCR frame-by-frame.) Therefore, instead
of sending each pixel of each frame new information every time, the
processed digital system only sends new information when there is
a change. By doing so, much less transmission spectrum is needed.

Furthermore, the pixels can be grouped into cells of several
pixels each, further reducing the necessary bandwidth. A receiver
can have the adaptive capability of interpolating the proper
information for each of the pixels in each group from the coded
"change" information being received and processed. The
reconstituted image will be perceived by the viewers as having the
full resolution.

Because of these factors it is possible to drastically reduce
further the spectrum needed -- that's the "Processed Digital"®
approach. Indeed, we believe that a processed digital signal need
not require more RF spectrum to transmit than the current NTSC
signal.

We engaged Hatfield Associates, Inc. (HAI), under the
direction of Mr. Dale Hatfield, to assess the likelihood that, over
the next ten years or so, a processed digital HDTV signal could be
transmitted via terrestrial broadcasting and cable systems within

a 6 MHz RF bandwidth. Their conclusion is that even using today's



available technology, such a goal can be achieved. (For the
Subcommittee's reference, the March 20 Hatfield Assessment and
March 28 Addendum are attached.)

In the very near future we hope to bring together the best
scientific minds in this country to review this conclusion and to

discuss how it can be achieved!

Wo Already Unde ound ¢t ount ocesse tal

Many scientists in research labs and industrial enterprises
are hard at work developing different variations of the processed
digital approach.

This, of course, has been the traditional American way of
engineering: separate and competing laboratories. However, given
the national importance of developing an American proceﬁsed digital
HDTV system, we believe it would be appropriate for the Federal
Government to assist these efforts.

Of note are Professors William Schreiber and Andy Lippman of
MIT's Media Lab, Arun Netravali and Barry Haskell of AT&T Bell
Laboratories, and Arthur Kaiman and Lawrence Ryan of Intel's DVI
Program in Princeton, New Jersey.

DVI's work is particularly interesting. = It is an advanced
technology which combines the interactive graphics capabilities in
personal computers with high-quality television and multitrack
audio in an all-digital integrated system. At the heart of the
system is a proprietary chip set with a unique video compression

algorithm. A technical breakthrough in compression efficiency was
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announced by DVI in 1988 -- they can microcode one hour of full
NTSC television programming on one CD-ROM disk, heretofore thought
to be impossible. The chip set and the associated operating
software can be in three plug-in boards to PC/AT computers. The
DVI system is used for interactive video program designs. It has
a real time video compression capability of 30:1 by removing
redundant pixel to pixel information within each video frame. This
is called intraframe coding. Once the interactive video/date/audio
application program is completed, the program can be further
compressed by removing interframe redundant information. This
would require much more computing and storage capacity and is done
off line. Interframe coding of DVI technology can offer another
4:1 compression yielding a final CD-ROM disk containing 1 hour or
NTSC video with 120:1 compression.

Although the DVI's current application is institutional for
education and training, and the cost of the prototype system is
about $25,000, it is not hard to project what can be done as we
continue to improve processed digital, transmission compression,
and cost reduction of large capacity memory storage devices in the
next 10 years. (Consider: Intel's workhorse microprocessor 80386
has computing capacity similar to the IBM large mainframe computer
360/50 of twenty years ago! Intel is already developing the next
generation microprocessor with at least 10 times more capacity than
the 80386.)

Quantitatively, a 1.65 Giga bits per second of digitized HDTV

signal with a video compression of 120:1, a transmission modulation
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compression of 5:1 and a 33% capacity for forward error correction

would need only 3.65 MHz!

The U.S8. Should Promote the Introduction Within Two Years of an

Interim Analog-Based American H System Which Uses the Current

6 MHz NTSC Standard

Japan's MITI and its National Broadcasting Company (NHK) have
been trying hard to persuade U.S. policymakers that they are the
only ones with a HDTV system and are ready and able to make it
available to U.S. consumers. What they downplay is that their
system is jncompatible with existing U.S. television transmission
equipment (broadcasting and cable) and television receivers, all
of which work with the current NTSC standard of 525 lines, 59.94
Hz frame rate, 4:3 aspect ratio, and 6 MHz transmission standard.
Thus, it is not hard to see the Japanese's true objective: the
sales of new Japanese HDTV sets full of Japanese components. Yet,
there is no need to suffer such problems.

An American HDTV system exists pow (Faroudja's Super NTSC)
which is NTSC compatible and provides as sharp a picture as the
full, original MUSE system for the largest of American television

screens (six-foot diagonal).? The improved effect of the analog

since the FCC's tentative decision 1last year requiring
compatibility with NTSC receivers, NHK has tried to modify its MUSE
system. But picture quality has been significantly sacrificed, the
system is expensive, and even the Japanese terrestrial broadcasters
don't like it!
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HDTV signal only appears on new television sets; but Americans will
be able to receive improved pictures on the existing 160 million
television sets because Super NTSC reduces artifacts (wiggles) and
color distortions. Moreover, costs of a new Super NTSC TV set will
be less than that of alternate systems because of its compatibility
with the NTSC standard and successful use of VLSI chips.

Importantly, because broadcasters and cable operators can
easily send the more advanced signals over the same bandwidth as
an NTSC signal, the number of programs with a sharper image and
digital quality sound available to the viewer is maximized.
Maintaining the current 6 MHz transmission standard also permits
broadcasters and cable operators to continue fulfilling their
important role in providing local coverage.

The immediate and universal availability of the best in
broadcast and cable programming in 35 mm picture quality and
compact disc sound with reasonably priced HDTV sets will capture
the consumer market and blunt the threat of incompatible foreign
VCR's and TV's with questionable "software" (recall the commercial
flop of Super 8 and Super VHS for the same reason).

In just the last few months, Fd:ﬁudfh ‘has successfully
demonstrated the Super NTSC sfsien in}a variety of settings.

In February, 1989, Faroudja was invited to Japan by their
privately owned commercial broadcast networks. These networks are

understandably resentful of NHK's plan to bypass terrestrial
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broadcasters for HDTV by DBS, VCR and video discs. Moreover, since
it is becoming clear that the Europeans, and now the U.S. will not
accept the MUSE system, they are increasingly less willing to
sacrifice for any "greater good." They invited Faroudja because
his Super NTSC system is better and more advanced than their own
NTSC compatible HDTV systems. Faroudja's demonstrations were a
hit: he stayed longer and had far more attendees than had been
expected.

A month ago, Faroudja sﬁccessfully demonstrated Sgper'NTSC on
a TCI cable television system in Sunnyvale, California. The
experiment involved side-by-side comparisons of a standard NTSC
signal transmission and the Faroudja Super NTSC transmission
through the Sunnyvale cable system to receivers in City Hall. The
result was a remarkable improvement in picture quality when using
the Super NTSC process. Frank Haney, a technical executive with
Capital Cities/ABC, watched the demonstration as an invited,
objective observer, and concluded that "Super NTSC looked more like
film that TV." (A copy of his comments on the demonstration is
attached.)

At the NAB convention at the beginning of this month, Faroudja
demonstrated his system with a UHF transmission with digital sound
-=- again to rave rcvieﬁs. The Super NTSC signal was broadcast
throughout the Las Vegas area and received on standard NTSC
receivers as well as HDTV receivers at the Convention.

Finally, Mr. cChairman, I want to note that John Malone,

President and CEO of TCI, announced at the NAB convention that
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within one year, at a site to be selected, TCI plans to invite
local broadcasters to join in a major operational test of this
analog, NTSC-compatible, HDTV system. TCI will equip its cable
system in the locality with the necessary equipment and will
actively seek one or more local broadcasters who would be willing
to invest in transmission equipment as well. Moreover, 1if
computer chip and U.S. television set manufacturers are willing to
cooperate, we believe a limited number of modified HDIV sets can
be available to consumers in the test locality for rent or purchase
by the end of 1991.

In short, maintaining the current 6 MHz NTSC standard for
analog-based HDTV will bring sharper pictures with a greater number
of programs to more American viewers in the shortest time and at

the lowest cost.

.8. Gov ou evision
F cie -] ulca [-) a is
As we have explained, there is no need to deviate from the
existing 6 MHz transmission standard in order to bring the benefits
of HDTV to the American public.
Yet, in September, 1988, the FCC left open the possibility of
changing the standard for HDTV broadcast to permit the use of up
to an additional 6 MHz -- as long as the additional bandwidth was

found within the spectrum currently allocated to television
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The problem is that permitting analog-based HDTV signals of
more than 6MHz within the existing television spectrum would be
impractical and disruptive, requiring costly channel reallocations
and preempting available spectrum for the next generation of
digital-based HDTV systems.

Remember: the ultimate goal is adoption of a digital-based
HDTV signal. This necessarily will be incompatible with any analog
television set. Thus, there must be a transition period. By
reserving frequencies allocated for television broadcasting, but
not currently utilized, for processed digital HDTV during this
period, broadcasters will be able to simulcast compatible analog
HDTV and non-compatible digital HDTV signals. Thus, the United
States will be able to make the transition easily, with minimum
cost and disruption, to a processed digital system that will serve
us well into the 21st century =-- just as the NTSC standard has

served us well in the last 40 years.

onc (-)

We at TCI believe that a very intense, well coordinated and
well financed eftéit,‘brinqing toqcthei:£ne_best minds in video
processinqg’tiln technology, VLSI, solid state memory technology,
microprocessor software, bio-engineering, visual psychophysics,
and visually creative programming expertise would rapidly
accelerate the state of the art to bring the most advanced,
competitive, and cost effective processed digital HDTV system for

the 21st century.



